Background Information: Diabetic ketoacidosis (DKA) is the leading cause of morbidity and mortality in children with type 1 diabetes mellitus (DM). It is an acute complication of type 1 DM. Objective: This study was designed to identify the precipitating factors, clinical features and immediate outcomes of DKA in children and adolescents. Method: This was a retrospective study which was done in the department of Pediatrics, BIRDEM, from January 2002 to April 2007. Data were collected from the hospital record for all diabetic children below 18 years admitted with DKA. Result: Fourty nine children and adolescents were admitted with DKA. Sixty one percent were known cases and the remaining (39%) were new DM. Majority were female (63%). Most (49%) of the children were between 11-15 years. Infection was the commonest (49%) precipitating factor followed by insulin omission (24%). Major clinical features were kussmaul breathing (94%) and dehydration (94%).Eighty eight percent patients improved after treatment and mortality was 12%. Conclusion: Infection was the commonest precipitating factor of DKA. Kussmaul breathing and dehydration were the commonest clinical features. Most of the patients improved after treatment.
Method:
This was a retrospective study which was done in the department of Pediatrics, BIRDEM, from January 2002 to April 2007. All diabetic children below 18 years who presented with DKA were included in the study. Criteria for the diagnosis of DKA was defined as any child with heavy glycosuria, ketonuria, blood glucose ?11.1mmol/L, pH<7.3 and a serum bicarbonate level <15mmol/l and who are 5% or more dehydrated ± vomiting ± drowsiness 6 . Children who were treated outside BIRDEM and improved and later referred to BIRDEM were excluded.
The hospital records of the patients were reviewed to ascertain age, sex, documented etiology of DKA, adverse events and outcome. Precipitating factors of DKA were retrieved from case notes. Infection and insulin omission were identified as common precipitating factors. Respiratory tract and urinary tract infection and septicemia were identified. Respiratory tract infection was identified on the basis of the available documents of fever, sore throat, cough, crepitation in lungs, complete blood count (CBC) and chest Xray report. Urinary tract infection (UTI) was identified on the documents of burning sensation during micturition and urine routine and microscopic examination and culture. Septicemia was identified on the basis of available documents of fever and CBC reports. The severity of DKA is defined by the degree of acidosis: mild, venous pH 7.2-7.3; moderate, pH 7.1-7.2; and severe,pH <7.1 7 .
The clinical features like polyuria, polydipsia, polyphagia, convulsion, vomiting, abdominal pain, level of consciousness (GCS / Grade of consciousness), pupillary reaction, kussmaul breathing, vital signs and dehydration were recorded. Severity of dehydration was noted (5%, 10%, and >10%) according to ISPAD guideline 2000 6 .
Acute renal failure was identified on the documents of serum creatinine reports and need for peritoneal dialysis. Cerebral edema is suspected when there is an unexpected deterioration in neurological status after initial improvement or persistence of a comatose state without an obvious cause. Warning signs include lethargy, decrease in arousal, headache, vomiting, bradycardia and hypertension. Neurological deterioration may be rapid, with seizures, incontinence, papillary changes and respiratory arrest. Progression may be so rapid that papilledema may not be found 8 . Rapid improvement in neurological status in response to intravenous administration of 3% sodium chloride or hypertonic mannitol further confirms the presumptive diagnosis of early cerebral edema 8 . Immediate outcome regarding improvement and death were recorded. Statistical analyses were done using SPSS program.
Results
Over the five year period, a total of 507 diabetic children were hospitalized in the department of Paediatrics. Fourty nine(9.6%) of these admitted patients presented with diabetic ketoacidosis (DKA). More than half (61%) of the patients were known case of diabetes. Amongst the total patients with DKA with documented etiology, twenty four episodes were precipitated by infection and no cause being documented in 13 of the admissions. ( Figure  3 ) Infections, particularly those of the respiratory tract, were the main precipitating cause for the DKA. UTI and septicemia were other types of infections. The other precipitating factor was omission of insulin (24%). The mean age of patients with DKA was 10.8 ± 4.12 years. Those in the age range 11-15 yrs suffered most frequently from ketoacidosis (n= 22, 45%) compared with those aged less than 5 yrs (6%), 5-10 yrs (35%) and more than 15 years (14%). (Figure 1 )The frequency of DKA was higher in girls than in boys (63% vs. 37%).
Female and male ratio was 1.7:1. Dehydration (100%) and kussmaul breathing (94%) were the common clinical features. (Figure 4 ) Majority had 5% dehydration and 13 patients were in shock. Other symptoms and signs were vomiting (57%), unconsciousness (51%), abdominal pain (27%), fever (27%) and convulsion (10%). (Figure 4 ) Most of the patients presented with mild DKA (47%) (p=0.00) than moderate (26.5%) and severe (26.5%) DKA. Random blood glucose was high in all patients. Mean HbA1C was 13.08 ± 1.11. Mean serum creatinine was 2.09± 0.44.
Complications noted were acute renal failure and cerebral edema. Five patients developed acute renal failure which improved after peritoneal dialysis. There were three episodes of cerebral edema with two associated deaths. The outcome of treatment in the whole group was good, 41 (84%) patients recovered without complications. Six patients died, with the causes of death being septicemia (n = 3), cerebral edema (n = 2) and pneumonia (n = 1). 
Discussion:
This study has enriched our knowledge about different aspects of DKA in our population. The frequency of DKA at onset of diabetes varies considerably from country to country. In our study, thirty nine patients presented with ketoacidosis were newly diagnosed DM which is similar to other studies where 25% to 40% of children are newly diagnosed 9-10 .More than half of the patients were known cases of DM. Known cases of diabetes patients frequently take irregular insulin in inadequate dose. In addition, they often miss their schedule dose and have poor compliance. They have irregular follow up also.
Children between 11-15 years numbered the majority in our study which is similar to a different study 4 . Mean age was 10.8 ± 4.12 SD. However another study showed that children <2 years had three times the risk of presenting in diabetic ketoacidosis as children aged 2 years 11 .
In our study the percentage of DKA cases in girls is more than the boys. It is consistent with other study 12-13 . One study reported that female sex was significantly associated with increased risk of delayed diagnosis 11 . In this study the risk factors are deprivation in females, negligence, poverty, delay in diagnosis.
Amongst the precipitating causes, infection was the commonest (49%) which is similar to a study in Sudan where acute infections accounted for 38% of the episodes 14 . Mbuqua PK et al reported majority of the DKA children had sepsis followed by insulin omission 15 . However this result differs from another study where the commonest precipitating factors was insulin omission followed by infection 16 . In our study insulin omission is increased in children with limited access to medical services, low socioeconomic status, ignorance, higher insulin dose, peripubertal and adolescent girls and children with unstable family circumstances. Most of the patients presented with mild DKA which is similar to Habib HS study 12 .
Kussmaul breathing and dehydration was the commonest clinical feature of DKA which is similar to a previous study 14 . Other study showed altered level 
Conclusion
DKA was the first presentation in 39% children with DM and multiple factors affect the risk of developing diabetic ketoacidosis. It can be diagnosed within a few minutes by measuring blood glucose, ketones and venous blood pH. Prompt and effective treatment can reduce the mortality and morbidity. Therefore, awareness about DM and DKA in children and adolescences is important.
